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Abstract 
Trucks with semi-trailers are widely used for transportation of goods due 
their low operation cost, but inherent to these vehicles are some problems 
ȱȱȱȱ¢ǯȱȱ£ȱȱěȱȱȱ-
ge, among other solutions, the incorporation of steerable axles in the semi-
trailers has been proposed. This paper presents a steering equation, and a 
fuzzy-logic controller for a semi-trailer automatic forced-steering system to 
£ȱ ȱěȬȱȱ ȱ ȱ  ȱȱ ǰȱ ȱ ȱȱ
improvement of vehicle´s maneuverability at low speeds. To accomplish 
this, the suggested control algorithm considers the articulation angle and 
parameters such as vehicle speed and direction. The system was tested on an 
instrumented experimental semi-trailer during various predetermined test 
maneuvers.
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Introduction
ȱȱȱȱȱȱę-
tability, but as the number of these vehicles grows, it 
becomes evident that there is a substantial need to im-
prove their handling control performance.
ěȱȱȱȱȱȱ-
ration; one important and promising is related to trajec-
tory matching and lateral control of these heavy 
vehicles. In this line of work the objective is, in general, 
to make the articulated vehicles able to follow a secure 
ȱĜȱȱǻ£ȱȱǰȱŘŖŖŗǲȱȬ	-
¢ǰȱ ŗşŝŞǲȱ
 ȱ et alǯǰȱ ŘŖŖŖǲȱ ȱ et alǯǰȱ ŗşşśȱ ȱ
Tsao et alǯǰȱŘŖŖŜǼǰȱȱȱ ȱȱȱ ȱ£ȱ
in trajectory matching.
The biggest project in this area is the California Part-
ȱ ȱȱ ȱ ȱ
 ¢ȱ ǻȱ
Ǽȱǻ
 ȱet alǯǰȱŘŖŖŖǼȱ ȱȱȱȱ
government, public and private institutions are invol-
ved in the development of automated highway systems 
ǻ
Ǽǯ
ȱěȱȱȱȱȱȱę-
tions or the implementation of mechanical components 
that improve overall vehicular maneuverability perfor-
ǯȱȱ¡ȱȱȬȱȱȱȱǰȱ
not only improve maneuverability, but also reduce risk 
of accidents and decrease fuel consumption and tire 
wear. Further, it may also minimize hazards and dama-
ȱȱ ¢ȱǯȱȱȱ-
ęȱȱȱ ȱȱ ȱ ȱ
ǻȱet alǯǰȱŗşşŗǼǰȱ¢ȱ ȱȱȱȱ¢ȱȱȱ
prototypes or are in early commercial stages. 
ȱȱȱęȱęȱȱ
vehicles, but they still need to be improved since some 
stability problems have been raised. Inside the group of 
steering axles of a semitrailer, the command-steer sys-
ȱȱȱȱĜȱȱǻȱȱǰȱ
ŘŖŖŘǼǯȱ
ȱ ŘŖŖŖȱ ȱ ȱ ¢ǰȱ 	¢ȱ ¢ǯȱ ǯȱ
ǻȱȱ¢ǰȱŘŖŖŗǼȱȱ ȱŘŖŖśȱ ȱȱ
ȱ¢ȱȱǻȱ¢Ǽȱ
ǻǰȱŘŖŖŜǼȱȱȱȱ¢ȱȱ-
trailers with command steer axles systems, each of 
them is part of the evolution of this technology.
Moreover, results from the tests carried out for this 
paper present work on an actual experimental semitrai-
ler. These results also show a control equation with a 
proposed method of employment for a system of con-
trol based on fuzzy-logic that could further advance in 
command steering technology.    
Materials and methods
An experimental semi-trailer was made in order to ob-
ȱȱĴȱȱȱ ȱȱȱ
¢ȱȱȱȱȱęȱ
ȱěȱǯȱ
)LJXUH([SHULPHQWDOYHKLFOH
Resumen 
Los vehículos tractor-semirremolque se usan ampliamente para el transporte de mer-
cancías debido su bajo costo de operación, pero hay algunos problemas inherentes a 
estos vehículos, como una pobre maniobrabilidad. Para minimizar los efectos de esta 
desventaja, entre otras soluciones, se ha propuesto la incorporación de ejes direccio-
nales en los semirremolques. En este trabajo se presenta una ecuación de dirección y 
un control mediante lógica difusa para un sistema automático de dirección forzada 
para semirremolque para minimizar el despiste y el ancho de vía, mejorando la ma- 
niobrabilidad del vehículo a velocidades bajas. El algoritmo de control sugerido con-
sidera el ángulo de la articulación y parámetros como velocidad del vehículo y su 
dirección. El sistema se probó en un semirremolque experimental instrumentado 
durante varias maniobras experimentales predeterminadas.
Descriptores:
 semirremolque 
 dirección automática 
 control difuso
 maniobrabilidad
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Pulled by a pickup truck, this semi-trailer which is 
 ȱ ȱ ȱ ŗȱ ȱ ȱ ęȱ
ȱ ȱ ȱ ȱ ȱ ȱ ȱęȱ ȱ
ǻ	Ǽȱȱǰȱȱȱȱȱȱȱȱȱȱ¡ǯȱ
ȱȱȱȱȬȱǻ
Ǽȱȱȱ¡ȱȱȱ-
Ȭȱ ȱ ȱ ęȱ ȱ ę¡ȱ ȱ ǰȱ
 ȱȱȱȱěȱȱǯ
Instrumentation
ȱȱ ȱȱȱȱ ȱǰȱȱ	ȱ
ȱ ȱȱȱȱȱȱęȱ ǰȱȱ-
gular transducers in the steering wheels of the truck, in 
the hitch and in the steering wheels of the semi-trailer. 
ȱ ȱ ȱ ¢ȱ ¡ȱ ȱ ǻȱ et al., 
ŘŖŖŝǼǯ
Also accurate yaw rate sensors and lateral accelero-
meters were placed in the chassis of the truck and the 
semi-trailer. Finally a mini camera was installed in the 
front of the truck pointed toward the ground to guide 
ȱȱȱęȱȱǻȱŘǼǯ
The signals were monitored by two portable com-
ǯȱȱȱȱ ȱȱȱśŖȱȱ
per second per channel. This sampling frequency was 
considered high enough to have a detailed time history 
of the measurements.
Handling performance

ȱȱȱȱȱȱȱȂȱ-
ring inputs determined by the vehicle weights, dimen-
sions, and mechanical properties of the tires, suspension, 
vehicle frames, and weight distribution among the 
¡ȱǻǰȱŘŖŖŖǼǯȱ
Consequently, a number of performance measures 
can be compiled to assess the maneuverability perfor-
mance of the vehicles, particularly with regard to arti-
culated trucks. This study considers the performance 
measures related to geometrical requirements, as:
Off-tracking
Whenever a vehicle with more than one axle turns, rear 
wheels fail to follow the path of front wheels precisely. 
ěȱȱȱȱ¡ȱȱ ȱ
the paths of the steering axle and the axle of the most 
 ȱ ȱǻĴȱǰȱŗşşśǼǯ
Swept path width
ȱ ȱȱ ǻŘŖŖŘǼȱȱ ȱ ȃ ȱȱ
width” as the maximum width of the swept trajectory 
ȱȱȱȱǯȱȱřȱ ȱǰȱȱěȬ-
)LJXUH9LGHRFDPHUDDQGYLGHRFDPHUD
YLHZDWPDUNVDWWKHIURQWRIWKHWUXFN
)LJXUH2IIWUDFNLQJDQGVZHSWSDWK
ZLGWKGXULQJDVWDWLRQDU\WXUQ
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king and swept path width measurements during cir-
cular constant radius turns, also called stationary turns.
Test maneuvers
ȱǰȱȱěȱȱ ȱǱȱ
 ȱȱȱȱȱęȱ ȱȱ
ȱȱȱ¢ǯȱȱęȱ ȱȱȱȱ-
¢ȱȱȱȱşŖǚȱȱǰȱȱȱȱ¢ȱ
low velocity.
Circular and transient curve paths were traced on 
the pavement surfaces which were to be followed by 
ȱȱȱȱ ȱȱ ȱȱŞǰȱşǯśȱȱ
ŗŗǯŘśȱǯȱǰȱȱ¢ȱȱȱȱȱ
ȱȱřȱȱȱȱȱȱŚȱȱśǯ
Figure 4 shows the typical maneuverability perfor-
mance of an articulated vehicle. f stands for the angle of 
the front axle, the steering axle on the truck, and a for 
the articulation angle.
ȱȱȱ ȱȱşǯśȱȱȱ ȱǰȱȱ
results observed demonstrated that the angle of the ar-
ȱȱŚŖǚȱ ȱȱȱěȬȱȱ
Řǯşśȱȱȱȱ ȱȱ ȱȱŚǯŜȱǯ
When the semi-trailer axle is set to command steer 
ȱȱȱȱśǰȱ ȱ ȱȱȱ ȱȱ
results in a maximum articulation angle of barely 
ŘŘǚǰȱ ȱȱȱȱȱ¡¢ȱśŖƖǰȱ
ȱ ȱ ȱ ȱ ȱ ěȬȱ ȱ ȱ
swept path width that equals that of the width of the 
vehicle.
The line r represents the angle of the semi-trailer 
¡ǰȱȱȱȱśȱ ǰȱȱȱȱȱȬ-
ȱȱȱ¢ȱȱ ȱ ȱȱĴȱ
alignment with the truck. When it leaves the transient 
ȱȱȱǰȱȱȱȱȱŘŖǚȱǰȱȱȬ
trailer axle was applied.
ȱȱěȱǰȱȱȱ ȱ
ȱȱȱȱȱȱȱǰȱȱě-
ȱ ȱ ęȱ ȱ ȱ ȱ ȱ ȱ
Ȭȱȱȱęȱ ȱǯ
The slalom type maneuver consists of a series of di-
ȱȱȱȱȱȱ ȱȱŗŖȱ
ȱȱȱȱȱȱ ȱŝȱȱ ȱ ȱ-
ȱȱȱȱȱŞȱȦǯȱȱŗȱ ȱȱ
vehicle during the slalom maneuver.
ȱȱȱȱȱȱȱęȱ¢ǰȱ
so the driver relies on his perception and expertise to 
deal with the obstacles. In this case the way to evaluate 
the maneuver is directly related to the lateral speed of 
the truck in contrast with the one on the semi-trailer.
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ȱȱŜǰȱȱȱȱȱȱȱȱȱ
twice that of the semi-trailer. This means that the truck 
is under high demand for the vehicle to avoid obstacles. 
ȱ ȱ ȱ ǰȱ ȱ ȱ Ŝȱ ȱ ȱ ȱ
steering was activated the speed of the truck and the 
semi-trailer, is almost the same, requiring less lateral 
space.
ȱěȱ ȱȱ ȱ ȱ ȱ ȱ ȱ
right turn corresponds to the perception of the driver. 
Ǳȱȱȱȱȱ ȱȱȱȱȱȱȱ
ȱȂȱǯȱǰȱȱȱȱȱȱȱȱ
ěȱ ȱ ȱ ȱ ǰȱ ȱ ȱ ę¡ȱ ¡ȱ
semi-trailer, the vehicle use the full wide of the road, 
and even then it fails to deal with all of the obstacles. 
While the command steer semi-trailer succeed all obs-
tacles occupying less space.
ȱȱȱęȱȱȱȱȱ
ȱ ȱ ȱ ȱ  ȱ ę¡ȱ ¡ȱ
and steering command ones using simulation models. 
In most cases it was concluded that by incorporating 
ȱ¡ȱȱęȱȱȱȱȱ
as improving handling capabilities of the vehicle and 
ȱȱ ȱ ȱȱ ȱ ǻȱȱ-
ǰȱŘŖŖŘǲȱȱȱĴǰȱŘŖŖřǼǯȱ
ȱȱȱȱ¡ȱȱęȱ
this, but it also extends the scope of testing beyond 
most simulation results and illustrates some aspects of 
ȱ Ȃȱ ȱ ȱ ȱ ¡ȱ -
ȱ ȱȱȱěȱȱȱ-
mance.
Control equation
ȱȱ ȱȱȱȱȱ ǻȱŝǼȱ
and from the Ackerman equations, the angle in the se-
Ȭȱ¡ȱȱ ȱ£ȱȱěȬȱȱ
each radios turn were geometrically calculated This de-
ęȱȱȱȱȱȱȱęȱ-
Ȭȱȱęǯ
The same dimensional characteristics were conside-
red in the construction of the experimental semi-trailer, 
ȱȱ ȱęȱȱȱȱȱȱȱ ȱ
experiment with the width the parameters in the algo-
rithm of control.
After this, by combining the dimensional characte-
ristics of the semi-trailer with the Ackerman equations, 
an evaluation computer program was set up to track 
ȱěȬȱȱȱ ȱ ȱȱ-
)LJXUH6KRZV\DZUDWHVDQGVHPLWUDLOHU·VD[OHODWHUDODFFHOHUDWLRQKLVWRU\DLVWKHIL[HGVHPLWUDLOHUD[OHZKLOHE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VHPLWUDLOHU·VD[OH
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riod and by using interpolation regression techniques, 
ȱȱȱ ȱęȱǻǯȱŗȱȱŘǰȱȱŞǼǯ
ȱ Şȱ  ȱ ȱ ęȱ ȱ ȱ ȱ ȱ ȱ
command steering axle of the semi-trailer in relation to 
the articulation angle. The resulting equation of control 
 ȱęȱǱ
ȱƽȱ¡ǻȮŗǯřŝŖŖŖŚ	ȱƸȱŖǯŖşşŝŘŞ
ȱƸȱŖǯŞřřřřŗȱȮȱŗǯŗŖŘşŞřǼȱ
ȱ ȱ ȱ ȱ ȱ ȱ ǻŗǼ
where
	ȱƽȱśȱ ȱȱȱȱ¡ȱ

ȱƽȱśȱ ȱȱȱȱȱ¡ȱ
ȱȱȱƽȱȱ ȱȱ¡
Ǳȱ	ǰȱ
ȱȱȱȱȱȱęȱŗǯ
ȱƽȱȮȱřǯřŜȬŖŝśȱƸȱşǯřŜşŞȬŖŜ4ȱƸȱŗǯŚŜŝŘȬŖř3ȱȮȱŝǯŘŜşŝȬŖŘ 
ŘȱƸȱŗǯśśśŗȱȮȱŗǯşŗŞřȱȱȱȱȱȱ ȱ ȱ ȱȱǻŘǼ
where
ȱƽȱȱ
ȱȱȱȱŗȱȱȱȱȱę-
ȱȱȱȬȱ	ǰȱ
ǰȱȱȱȱȱȱȱ
ȱȱŗǯȱ ȱȱŘǰȱȱ ȱ ȱȱȱȱ
ęȱ ȱȱȱȱȱȱȱȱ
the angle required by the steering axle of the semi-trai-
ȱȱ£ȱěȬǯ
Fuzzy-logic control
As well as prior prototypes developed in Australia and 
ǰȱ ȱȱȱȱȱȱȬȱ
improves maneuverability, but also increases the risk of 
vehicular instability.
During the testing, there was some experimentation 
with certain parameters that could minimize potential 
¢ȱ ǰȱ ȱ ¡ǰȱ ȱ Ȃȱ ǯȱ
ȱęȱȱ ȱ¢ȱȱ-
vers at lower vehicular speeds and, as speed is increa-
ǰȱ ȱ ¢Ȃȱ ȱ ȱ ȱ ȱ ¡ȱ ȱ ȱ
semi-trailer should decrease proportionally, to the 
point were the system will be set to null response at 
ȱȱȱŜŖȱȦȱǻȱşǼǯ
ȱ ȱȂȱȱȱȱ ȱȱȱ-
ponse speed of the system which means that at very 
low vehicular speeds, the system will promptly execute 
angular adjustments, but as vehicle speed increases, 
these adjustments to the steering wheels will be perfor-
med more slowly.
)LJXUH7HVWYHKLFOHVXVHGLQWKHGHILQLWLRQRIWKHFRQWURO
HTXDWLRQ
)LJXUH$UWLFXODWLRQDQJOHYVVWHHULQJDQJOHRQVHPLWUDLOHUD[OH
WRPLQLPL]HRIIWUDFNLQJYDOXHVLQGHJUHHV )LJXUH5HVSRQVHLQWKHV\VWHPEDVHGLQYHKLFXODUYHORFLW\
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Another parameter to be considered is the marginal 
angular changes. This consists of a time delay in the res-
ponse of the system to changes in the articulation angle 
in order to prevent undesired oscillations that could oc-
cur during fast angle variations for example when the 
vehicle encounters a road or speed bump. If the angle 
ȱȂȱ ȱ ȱȱ ȱ  ȱǰȱ ȱ
system should ignore it.
¢ǰȱȱȱȱ ȱȱěȱ¢ȱȱ
weight carried in the semitrailer, due this and the multi-
variable and non-linear nature of the system, an intelli-
gent control technique was required, taking into con- 
ȱ ££¢ȱ ȱ ȱ ȱȱ ȱ ęȱ -
ȱȱȱȱȱĴȱȱ Ȭ-
ȱȱȱȱȱȱǻǰȱŗşşŖǼǯ
Fuzzy logic provides a methodology to represent, 
manipulate and implement expert heuristic knowledge 
for controlling a system. Also, with a fuzzy controller, 
robustness and low cost are inherent to each develop-
ȱǻǰȱŗşşŞǼǯ
The set of fuzzy rules to develop the control system 
ȱȱȱ ȱȱȱęȱ ȱȱ
the test rides of the experimental semi-trailer.
ȱ ŗŖȱ  ȱ ȱ ¡ȱ ȱ  ȱȱ
ǱȱǼȱȱǰȱ ȱ¡ȱ ȱ-
ȱȱȱȱȱȱǱȱǰȱŚȱȱŘŖǰȱŘŖȱȱ
śŖǰȱśŖȱȱŝŚǰȱŝŚȱȱŞŘȱȱŞŘȱȱşŖǲȱȱȱ¡ȱŚȱȱŘŖȱ
ȱȱȱȱȱ ȱŚȱȱŘŖȱǰȱ-
sidering zero degrees when the tractor and the semi-
ȱȱȱȱȱȱ ȱŖȱȱŚǚǰȱȱǼȱ
vehicular speed, with four linguistic variables: low, 
middle, middle-high, and high, both articulation angle 
and vehicular speed will be used to feed the fuzzy an-
gle estimator in order to calculate the angle of the stee-
ring axles.
This calculated angle is then compared with the cu-
rrent steering wheels angle to determine the corrections 
ȱȱȱȱȱȱȱȱǻȱ
ȱȱȱȱŗŗǼǯ
The corrections made by the fuzzy mechanical con-
trol are then compared cyclically retro-feeding the sys-
ȱ ȱ ȱ Ȭǯȱ ȱ ŗŘȱ  ȱ ȱ Ȭ 
bership functions group belonging to the error variable 
ȱ ȱ ££¢ȱ ȱ ǰȱ  ȱ ȃ Ȅǰȱ ȃȄȱ ȱ
ȃȄȱȱȱǰȱȱȱ ȱȱȱ
ęȱ ǰȱ ȱ Ǳȱ ȱ ȱ
by the lateral forces, deformations caused by the longi-
tudinal forces, deformations caused by the auto-align-
ment forces, semi-trailer length, rigidity of the steering 
mechanism and drift rigidity of the tires.
)LJXUH0HPEHUVKLSIXQFWLRQV
DDUWLFXODWLRQDQJOHDQGEYHKLFOHVSHHGVehicular speed domain
Articulation angle domain
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Conclusion

¢ȱȱȱȱȱ Ȭ ǰȱȱȱ
of the most feasible solutions for freight. Due to the 
length dimensions and weight they encounter poor ma-
neuverability.
The handling of this kind of such vehicles can be 
greatly improved by using steering axles in the semi-
trailer to reduce the required road surface necessary to 
perform a turn maneuver placing less demand on late-
ȱȱěȱȱ¢ȱȱȱȱȱ
loosing vehicular directional control, not to mention 
ȱȱȱȱ ȱȱǯȱ ǰȱ¢ȱ-
cing lateral tire friction, the damage to road infrastruc-
tures will be minimized.
Fuzzy control represents a useful tool in dealing 
with non-linear systems. The controller approach pre-
sented in this paper is an alternative to solve some of 
the problems related to command steering in semi-trai-
lers without detriment to the improved maneuverabili-
ty provided from this type of systems.
The growing demand in freight transportation sys-
ȱ ȱȱȱȱĜȱȱȱȱ
more secure and intelligent, as well as environmentally 
¢ǯȱǱȱȱȱȱȱȱȱȱ-
tructures. In the years to come these varied demands 
will lead to the implementation of new technologies 
and designs.
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